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缩略词 英文名称 中文名称 
Chl a Chlorophyll a 叶绿素 a 
Chlor a Chlorophyllide a 脱植基叶绿素 a 
Chl c1+c2 Chlorophyll c1+c2 叶绿素 c1+c2 
Pheoph a Pheophorbide a 脱镁叶绿素 a 
Peri Peridinin 多甲藻素 
19-but 19-butanoyloxy 19-丁酰基氧化岩藻黄素 
Fuco Fucoxanthin 岩藻黄素 
Neo Neoxanthin 新黄素 
Prasin Prasinoxanthin 青绿藻黄素 
Diato Diatoxanthin 硅藻黄素 
19-hex 19-hexanoyloxy 19-乙酰基氧化岩藻黄素 
Diadin Diadinoxanthin 硅甲藻黄素 
Zea Zeaxanthin 玉米黄素 
Chl b Chlorophyll b 叶绿素 b 
α-car α-carotene α胡萝卜素 
β-car β-carotene β胡萝卜素 
DIN Dissolved inorganic nitrogen 溶解态无机氮 
DIP Dissolved inorganic phosphorus 溶解态无机磷 
Fo Minimal fluorescence 初始荧光/基础荧光 
Fm Maximal fluorescence 最大荧光产量 
Fv/Fm Maximal photochemical efficiency of PSⅡ PSⅡ最大光化学量子产量 
qP Photochemical quenching coefficient 光化学淬灭系数 
RLC Rapid light curve 快速光曲线 
ETR Electron Transport Rate 电子传递速率 
ETRmax Maximal electron transport rate 最大电子传递速率 
α Initial slope of the ETR versus E curve 快速光曲线斜率 
Ik Satuation light intensity 饱和光强 
HPLC High performance liquid chromatography 高效液相色谱 
PAM pulse amplitude modulation 脉冲振幅调制 




























量及物种多样性在 7 月和 10 月达到峰值。 
2. 共分析鉴定了 15 种底栖微藻光合色素并测定其含量，其中常见的色素包
括叶绿素 c（Chl c）、岩藻黄素（Fuco）、硅藻黄素（Diato）、叶绿素 a（Chl a）
以及 β胡萝卜素。此外，多甲藻素（Peri）、玉米黄素（Zea）、叶绿素 b（Chl b）
和叶黄素等也有不同程度的检出。光合色素结果反映的微藻类群组成与显微镜分
析结果较为一致。Chl a 和 Fuco 呈双峰型，泥质在 12 月和 1 月峰值，泥砂质则
在 7 月和 9 月出现峰值；Zea 亦呈双峰型，两种底质类型均在 2 月和 9 月出现峰


















































The temporal variations on microphytobenthos composition, biomass, 
photosynthetic pigments and photosynthetic activity were studied from January 2013 
to January 2014 in the intertidal zone of Xiamen. Sampling and measurements were 
conducted 1~2 times every month with microscopic technique, high performance 
liquid chromatography (HPLC) and pulse amplitude modulation chlorophyll 
fluorescence (PAM) technique. The chlorophyll fluorescence response to temperature 
and light change was explored, and the likely controlling factors for community 
succession were investigated in this study. Results are showed as following: 
1. The intertidal microphytobenthos community were dominated by 
Bacillariophyta, occasionally Cyanophyta, Dinoflagellates, Euglena and Chrysophyta. 
For mud sediment, the dominated genera were Gyrosigma, Pleurosigma, Diploneis 
Coscinodiscus; while they were Navicula, Amphora, Cylindrotheca, Tropidoneis in 
mud-sandy. The dominant species were Amphora acuta, Cylindrotheca closterrium, 
Amphiprora alata and Diploneis bombus. Microphytobenthos biomass and diversity 
reached peak in July and October. 
2.  Fifteen photosynthetic pigments were identified. Chlorophyll c, Fucoxanthin, 
Diatoxanthin, Zeaxanthin, Chlorophyll a and β-carotene were observed frequently, 
while Peridinin, Zeaxanthin, Chlorophyll b and Lutein only occurred in some samples. 
These results showed consistency between different methods (microscopic and 
chromatographic) to a large extent. Chlorophyll a and Fucoxanthin had a bimodal 
distribution, and the peak appeared in December and January in mud, while it 
appeared in July and September in mud-sandy. Zeaxanthin showed a bimodal 
distribution too, but the peak appeared in February and September both in mud and 
mud-sandy. Peridinin distributed in unimodal type, and the peak appeared in 
December. Lutein and Chl b distributed irregularly. Correlation analysis showed that 
Bacillariophyta was potentially limited by phosphate, and Cyanophyta changed with 
temperature and N/P ratio. Dinoflagellates was mainly limited by the nutrients, and 
Chrysophyta were affected by temperature and phosphate. 
3. The minimal and maximal chlorophyll fluorescence (Fo, Fm) of 
microphytobenthos varied with time and sediment types. Fo and Fm in mud sediment 
















summer and autumn. It was mainly due to the variation of microphytobenthos 
biomass. Fv/Fm showed a bimodal distribution in the mud sediment with the two peaks 
appeared in August and December，while they were August and October in the 
mud-sandy. Relative electron transport rate (ETR) and light chemical quenching (qP) 
in the mud sediment were higher than those in the mud-sandy sediment in winter and 
spring, but reversely in summer and autumn. It was mainly due to the different 
benthic microalgae composition in sediment.  
4.  The result of controlled experiment showed: the maximum quantum 
efficiency (Fv/Fm) of the photosynthetic system II in different sediment types was mud 
(0.33) > mud-sandy (0.28) > sand (0.01) during the sampling period in spring. The 
short-term (0.5~2 h) temperature (15~35 C) and light (0~100%) experiments showed 
the optimum temperature (about 27 C) for microphytobenthos photosynthesis tended 
to be close to the environmental temperature(about 26.5 C) which indicated that the 
thermal adaption, extreme high temperature (above 35 C) was harmful to 
microphytobenthos. In addition, we found that microphytobenthos may accommodate 
to the light change with different adaptation strategies emerged from different types of 
sediment.  
 
Keywords:  Microphytobenthos;  Compositions;  Photosynthetic pigments; 
























近海生态系统一般是指水深小于 200 m 的大陆架区域及其它浅水生态系统，
其面积占据整个海洋总面积的 7~8%，初级生产力约占海洋总初级生产力的 26%













区其生物量甚至可以超过上层水体中浮游微藻的生物量（MacIntyre et al., 1996），
贡献三分之一甚至更高比例的水柱初级生产力（MacIntyre et al., 1996），每年全



















程度的贡献（Miller et al., 1996）。底栖微藻通过光合作用可以改变水-底界面氧
和二氧化碳及碳酸盐的浓度，影响 pH 和氧化还原过程以及其他元素的循环过程，










度（MacIntyre et al., 1996）。根据依附基质的不同，可以将底栖微藻分为附泥微
藻（生长在松软的沉积物底泥上）、附砂微藻（生长在砂质沉积物上）、附石微
藻（生长在岩石等坚硬致密的基质上）、附植微藻（生长在其他大型水生微藻上）
等（刘健康, 2000; 李欣, 2012）。在潮间带，沉积物会随着潮涨潮落周期性地浸
没于水中和暴露于空气中；暴露的沉积物表面容易受气温和光照波动的影响，在
部分季节温度昼夜变化幅度可达到 10~15 C 甚至更高（Blanchard et al., 1997；
Serôdio & Catarino, 1999）。此外，由于沉积物具有极高的光学密度，太阳光将
在表面极薄的一层（若干毫米）内急剧衰减（MacIntyre & Cullen, 1995），因此
光成为该生态系统中极为重要的一个限制因子，很大一部分底栖微藻具有垂直迁































献达到每年 0.5 Gt 的固碳量，底栖微藻的固碳潜力也受到大家的关注。随着技术
条件的发展，对底栖微藻各方面的研究相继展开。Wolfstein & Colijn（2000）研
究了底栖微藻生物量的季节变动及光合特性。Migne 等（2002）用 CO2 原位钟罩
技术研究了底栖微藻的初级生产力。Honeywill 等（2002）用饱和脉冲叶绿素荧
光光度法研究了用基础荧光来表征底栖微藻生物量的可行性。Brotas 等（2003）
用高效液相色谱技术（High performance liquid chromatography, HPLC）研究了底
栖微藻的色素组成等特性。Nozais 等（2001）研究了营养盐和光限制对底栖微藻





































表 1-1 底栖微藻生物量及群落结构的研究方法比较 
Table 1-1 Comparison of different methods for microphytobenthos biomass 
and community structure 
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